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bjectives We sought to determine whether poorer outcomes in patients undergoing primary percutane-
us coronary intervention (PCI) for ST-segment elevation myocardial infarction (MI) during off-hours are related
o delays in treatment, circadian changes in biology, or differences in operator-related quality of care.
ackground Previous investigation has suggested that patients undergoing primary PCI during off-
ours are more likely to have adverse cardiac events than routine-hours patients, but the reasons for this
emain poorly deﬁned.
ethods Clinical, angiographic, and procedural characteristics were compared in consecutive patients (n
685) undergoing primary PCI in the National Heart, Lung, and Blood Institute Dynamic Registry be-
ween 1997 and 2006 that were classiﬁed as occurring during routine-hours (07:00 to 18:59) or off-hours
19:00 to 06:59). The primary end points were in-hospital death, MI, and target vessel revascularization.
esults Median time from symptom onset to PCI was similar (off-hours 3.4 h vs. routine-hours 3.3 h).
atients presenting in off-hours were more likely to present with cardiogenic shock and multivessel coro-
ary artery disease but were equally likely to present with complete occlusion of the infarct-related ar-
ery. Procedural complications including dissection were more frequent in off-hours patients. In-hospital
eath, MI, and target vessel revascularization were signiﬁcantly higher in off-hours patients (adjusted
dds ratio [OR]: 2.66, p  0.001), and differences in outcomes were worse even if the procedure was
mmediately successful (adjusted OR: 2.58, p  0.005, adjusting for angiographic success). Patients under-
oing PCI on weekends had better outcomes during the daytime than nighttime.
onclusions Patients undergoing primary PCI for acute MI during off-hours are at signiﬁcantly higher
isk for in-hospital death, MI, and target vessel revascularization. These ﬁndings appear related to both
iurnal differences in presentation and lesion characteristics, as well as differences in procedural compli-
ation and success rates that extend beyond differences in symptom-to-balloon time. (J Am Coll Car-
iol Intv 2008;1:681–8) © 2008 by the American College of Cardiology Foundation
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682rimary percutaneous coronary intervention (PCI) is now
onsidered the preferred reperfusion modality for patients
resenting with ST-segment elevation myocardial infarction
STEMI) regardless of the hour of presentation as long as
eperfusion can occur in a timely manner (1–5). In fact, it
as been demonstrated that less use of primary PCI during
eekends is associated with poorer outcomes during those
ays. In those who receive primary PCI, recent evidence
uggesting that longer door-to-balloon (DTB) time during
ff-hours accounts for a reduced benefit has led to a
ationwide effort to reduce PCI delays during these hours
6–13).
See page 689
It is possible that differences in efficacy of PCI during
ff-hours versus routine hours are also related either to
iologic differences linked to circadian variation or other
actors associated with nighttime care that extend beyond
DTB times (14–21). However,
the combination of differences in
clinical, angiographic, proce-
dural, and time-related charac-
teristics has not been accounted
for simultaneously when exam-
ining and comparing the impact
of primary PCI during off-hours
and routine-hours, in the myo-
cardial infarction (MI) patient.
We hypothesized that differ-
ences in the rates of in-hospital
death, recurrent MI, and repeat
target vessel revascularization
(TVR) in patients undergoing
off-hours versus routine-hours
rimary PCI could be further explained by a combination of
ifferences in care and biology. To evaluate circadian-related
iologic differences, we sought to assess differences in
linical presentation, underlying clinical characteristics, and
ngiographic features of off-hours versus routine-hours
atients undergoing primary PCI including the rates of
hrombolysis In Myocardial Infarction (TIMI) flow grade
before PCI, presence of thrombus, location of infarct-
elated artery, and lesion complexity. To attempt to under-
tand the contribution of care received, we sought to
valuate differences in procedural characteristics and proce-
ural complications, as well as periprocedural medication
se.
ethods
ational Heart, Lung, and Blood Institute Dynamic Registry.
he National Heart, Lung, and Blood Institute Dynamic
bbreviations
nd Acronyms
TB  door-to-balloon
WTG-CAD  Get with the
uidelines–Coronary Artery
isease
I  myocardial infarction
CI  percutaneous
oronary intervention
TEMI  ST-segment
levation myocardial
nfarction
VR  target vessel
evascularizationegistry has previously been described (22) and involves sulticenter recruitment of patients undergoing PCI in 5
ecruitment waves from July 1997 through February 1998
n  2,524), February through June 1999 (n  2,105),
ctober 2001 through March 2002 (n  2,047), February
hrough May 2004 (n  2,112), and February through
ugust 2006 (n  2,158). Baseline clinical, demographic,
nd angiographic characteristics, as well as the incidence of
eath, MI, and the need for a coronary artery bypass graft or
epeat revascularization during the hospitalization, were
ecorded. Patients were interviewed by telephone at 1 year
o collect clinical data, including vital status and the type
nd date of cardiovascular-related events. Each center re-
eived approval from its Institutional Review Board, and
ata were compiled and analyzed at the University of
ittsburgh.
eﬁnitions. Primary PCI was defined as emergent PCI for
he treatment of STEMI within 12 h of symptom onset.
atients undergoing PCI for new left bundle branch block
s presentation of acute MI were included. Patients who
ere previously treated with fibrinolysis (“rescue” or “late”
CI patients) were excluded from the analysis. Patients
ere stratified by PCI start time, with the routine-hours
CI cohort defined as PCI from 07:00 to 18:59 and the
ff-hours PCI cohort defined as PCI from 19:00 to 06:59,
egardless of the day of the week. A secondary analysis
efined the off-hours period to include both: 1) 19:00 to
6:59 for weekdays; and 2) weekends regardless of time of
ay. This secondary analysis was performed to assess further
he association between differences in care during times
hen personnel were not on-site and biologic differences in
ircadian rhythm. Angiographic success was defined as at
east a 20% reduction in lesion severity and final stenosis of
50%. Myocardial infarction was defined as the presence of
ither electrocardiographic or biochemical evidence of myo-
ardial necrosis. Myocardial infarction after PCI was de-
ned as a new rise in cardiac enzyme and clinical change to
ndicate new MI.
tatistical methods. Baseline clinical, angiographic, and
rocedural characteristics and in-hospital outcomes were
ompared between the 2 cohorts by chi-square or Fisher
xact test for discrete data and by the Wilcoxon rank sum
est for continuous variables. Cumulative event rates at
-year were calculated by the Kaplan-Meier method and
omparisons were made using the log-rank test statistic.
he associations between off-hours status and individual or
omposite in-hospital and 1-year outcomes were evaluated
n univariate and multivariable analyses using logistic or Cox
roportional hazards approaches. With both logistic and
ox regression methodologies, models were adjusted for
respecified risk factors. One set of models included only
linical and demographic factors, a second set included
ngiographic characteristics, and the final models included a
ombination of all variables included in the first and second
ets. Both TIMI flow grade and time as a dichotomous
v
n
s
i
f
i
l
r
L
g
u
t
w
fi
o
f
r
a
c
r
p
c
R
O
H
(
t
h
2
(
m
l
t
v
P
o
o
g
c
s
c
s
c
e
b
d
a
o
v
t
i
w
r
v
l
d
a
h
l
w
(
o
M
i
(
a
p
c
o
h
o
c
b
(
(
C
J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 1 , N O . 6 , 2 0 0 8
D E C E M B E R 2 0 0 8 : 6 8 1 – 8
Glaser et al.
Off-Hours Primary PCI
683ariable (i.e., 6 h) were included in the initial model and
either was independently associated with outcome, and as
uch were not included in the final model presented. Other
mportant variables, such as diabetes mellitus, were also
orced into the model but were not significant. They are
ncluded in the table for the reader’s information, despite
ack of statistical significance. Goodness of fit for logistic
egression models was assessed using the Hosmer-
emeshow method (p  0.20 for all models, indicating
ood fit), and proportional hazards assumptions were eval-
ated and met. Other analyses including an analysis by wave
o assess the impact of time, as well as adjustment for site,
ere performed, but did not significantly impact on the
ndings of the main analyses. Although results improved
ver time, differences between the 2 groups persisted.
Additional sensitivity analyses were performed to assess
or potential misclassification of STEMI in Wave 1 of the
egistry. In this wave, the variable was coded as “acute MI”
nd “emergent.” To assess whether non-STEMI patients
ould have been misclassified in this wave, analyses were
epeated without Wave 1 data and, when compared with the
rimary analysis, there were no significant differences in
haracteristics and results.
esults
f 10,948 patients enrolled in Waves 1 to 5 of the National
eart, Lung, and Blood Institute Dynamic Registry, 685
6.3%) underwent primary PCI. The majority of interven-
ions (n  457, 66.7%) were performed during routine-
ours, with the remainder performed during off-hours (n 
28). The peak prevalence of procedures was late morning
11:00) and mid-afternoon (15:00 to 16:00). The mean and
edian times from symptom onset to PCI were somewhat
onger in the off-hours versus routine-hours patients (mean
ime of 4.6 3.0 h vs. 4.3 3.1 h; p 0.09 [median: 3.4 h
s. 3.3 h]).
atient and procedural characteristics. Patients undergoing
ff-hours PCI were younger, more often men, and more
ften smokers compared with routine-hours patients under-
oing PCI (Table 1). Off-hours patients had higher rates of
ardiogenic shock compared with the rates of cardiogenic
hock in routine-hours patients.
Off-hours and routine-hours patients had similar lesion
haracteristics, including location of the infarct-related ves-
el, and off-hours patients were equally likely to present with
omplete infarct-related vessel occlusion (Table 2). How-
ver, the prevalence of 1-, 2-, and 3-vessel disease differed
etween the 2 groups, with lower rates of 1-vessel disease
uring off-hours. In addition, TIMI flow grade was gener-
lly poorer upon arrival to cardiac catheterization during
ff-hours (p  0.003 pre-PCI). Rates of stent use, intra-
ascular ultrasound guidance, and mechanical thrombec-
omy were significantly lower during off-hours cases. hProcedural outcomes varied significantly by group. Flow
n treated vessels after PCI was worse in off-hours patients,
ith 87.5% achieving TIMI flow grade 3 versus 92.9% in
outine-hours and 3.8% with persistent TIMI flow grade 0
ersus 1.0% in routine-hours (p  0.008). In addition,
esions treated off-hours had a higher incidence of major
issection (10.3% vs. 5.8%, p  0.02), resulting in lower
ngiographic success rates in those patients treated off-
ours. Despite similar American College of Cardiology
esion classification, operators more often felt that the lesion
as treated successfully but did not respond appropriately
12.1% vs. 4.1%, p  0.006) in unsuccessful PCI during
ff-hours versus routine-hours.
edication use. Procedural glycoprotein IIb/IIIa receptor
nhibitor use (64.5% vs. 64.6%, p  0.98) and heparin use
95.2% vs. 94.2%, p  0.7) did not differ between off-hours
nd routine-hours patients, and aspirin use before the
rocedure was similar (82.9% vs. 87.7%, p 0.08). Peripro-
edural thienopyridine use was lower in patients treated
ff-hours (48.2% vs. 58.2%, p  0.01). At discharge,
owever, there was no difference (p 0.10 for all) in the use
f secondary prevention agents including angiotensin-
onverting enzyme inhibitors (63.5% vs. 59.5%), beta-
lockers (86.3% vs. 87.0%), calcium channel blockers
10.0% vs. 8.0%), statins (71.1% vs. 68.2%), or aspirin
97.2% vs. 96.1%).
linical outcomes. Off-hours patients had significantly
Table 1. Clinical Characteristics
Factor (%)
Off-Hours
p Value
Yes
(n  228)
No
(n  457)
Age  65 yrs 32.5 40.3 0.05
Women 27.6 36.1 0.03
Race 0.03
White 74.6 80.3
Black 18.4 10.5
Asian 2.6 2.9
Hispanic 4.4 6.4
History of coronary artery disease
Myocardial infarction 18.5 18.5 0.99
Percutaneous intervention 15.8 14.4 0.64
Coronary artery bypass surgery 6.1 5.9 0.90
History of severe renal disease 2.7 2.6 0.99
History of peripheral vascular disease 4.9 4.8 0.98
Hypertension 55.0 57.5 0.53
Hypercholesterolemia 50.5 55.9 0.21
Current or former smoker 73.2 69.6 0.34
Diabetes mellitus 21.7 25.1 0.33
History of congestive heart failure 4.9 5.2 0.90
Cardiogenic shock 17.5 10.5 0.009
Ejection fraction (median) 45 50 0.07igher rates of combined in-hospital death and recurrent
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684I, as well as combined death, MI, and repeat TVR rates
Table 3, Fig. 1). When examining individual outcomes by
ime quartile (Fig. 1), the main difference remained in a
diurnal” pattern, with similar event rates during both halves
Table 2. Angiographic and Procedural Characteristics
Factor
Off-Hours
p Value
Yes
(n  228)
No
(n  457)
Severity of disease
1-vessel 34.4 42.1 0.04
2-vessel 33.5 34.2
3-vessel 32.2 23.7
Lesion characteristics (number of
attempted lesions)
(n  263) (n  522) 0.65
Culprit lesion location
LAD 45.4 44.3
LCx 13.7 16.5
RCA 36.3 35.3
Length, mean, mm 16.6 16.3 0.14
Reference vessel size, mean, mm 3.1 3.1 0.13
Initial TIMI ﬂow grade 0.21
0 57.4 58.3
1 12.9 6.0
2 14.8 14.3
3 14.8 21.3
Thrombus 74.8 71.3 0.31
Calciﬁcation 24.6 24.1 0.88
Bifurcation 12.1 12.4 0.91
ACC/AHA classiﬁcation type 0.78
A 1.6 3.4
B (B1 and B2) 61.9 59.4
C 36.5 37.1
Device use
Stent 76.0 82.4 0.04
Balloon angioplasty only 16.3 12.8 0.10
Intravascular ultrasound 0.8 4.6 0.005
Mechanical thrombectomy 1.9 6.3 0.007
TIMI ﬂow grade after intervention 0.002
0 3.8 1.0
1 1.5 0.8
2 7.2 5.4
3 87.5 92.9
Procedural complications
Major dissection 10.3 5.8 0.02
Perforation 0.4 0.4 0.99
Branch occlusion 3.1 3.3 0.88
Embolization 4.6 4.8 0.88
Abrupt closure 1.1 0.8 0.60
Total angiographic success 93.8 96.2 0.12
ACC/AHA  American College of Cardiology/American Heart Association; LAD  left anterior
descending artery; LCx left circumflex artery; RCA right coronary artery; TIMI Thrombolysis
In Myocardial Infarction.f the day and during both halves of the night. After rdjusting for important differences in clinical and angio-
raphic characteristics (as noted in Table 4), the risk of
n-hospital death, recurrent MI, and TVR remained higher
adjusted odds ratio [OR]: 2.66) (Tables 3 and 4) in patients
resenting during off-hours. Although initial differences in
tent use and TIMI flow grade were present, these were not
ndependently associated with outcome in multivariable
nalysis. Ejection fraction and lesion characteristics includ-
ng thrombus presence were also examined but were not
ndependently associated with outcome. The end point of
VR was examined in greater detail, and TVR via PCI
ccurred in 0.9% of routine-hours patients and 3.5% of
ff-hours patients, while TVR via coronary artery bypass
rafting occurred in 2.0% of routine-hours patients and
.9% of off-hours patients.
To evaluate the effect of procedural outcomes on subse-
uent death and MI, angiographic success was included in
he adjusted model. A successful procedure was strongly
rotective against hospital death and MI, regardless of the
ime of intervention (adjusted OR: 0.18, p  0.001).
urthermore, failure to treat lesions successfully during
outine-hours conferred a higher risk of subsequent event
han did successful PCI during off-hours; however, an
nsuccessful procedure during off-hours conferred the high-
st risk of death or MI (Table 5).
In an analysis of 1-year outcomes, initial differences in
dverse outcomes were still present (off-hours vs. routine-
ours death/MI/TVR: 28.3% vs. 22.7%, hazard ratio: 1.39,
 0.04), but the majority of this difference came from
nitial differences in in-hospital events.
lassiﬁcation of off-hours. To examine further the associa-
ion between mortality and time of day versus immediate
vailability of medical resources, we examined death and
I, and death, MI, and TVR by both time and weekday
nd weekend (Fig. 2). In both weekdays and weekends,
dverse outcomes were highest at night. In addition, rates of
dverse outcomes were only slightly higher on weekends at
ither time than at night, and this was not statistically
ignificant. Finally, adverse outcomes were only slightly
igher during weekend days than weekday days, and this
as not statistically significant.
iscussion
n the present examination of patients undergoing primary
CI for STEMI, we observed a 2-fold higher risk for
ubsequent combined in-hospital mortality, MI, and target
essel revascularization among patients treated during off-
ours versus routine-hours. In examining whether
ircadian-related biologic differences were factors, we found
hat the majority of lesion characteristics in both groups
ere quite similar, including the rates of TIMI flow grade 0
efore PCI, presence of thrombus, location of infarct-
elated artery, and American College of Cardiology classi-
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685cation scores of the lesions. Patients presenting off-hours
ad similar clinical characteristics as well, with the notable
xception of higher rates of cardiogenic shock and multives-
el coronary artery disease.
Despite similar lesion characteristics, we found that
esions treated at night were more often accompanied by
rocedural complications including dissection. Procedural
uccess was a significant factor in subsequent adverse out-
omes, but even patients with successful procedures had a
igher risk of adverse events during off-hours.
Our findings are consistent with the prior observation
hat higher angioplasty failure rates occur at night, though
itherto there has not been sufficient angiographic or
rocedural information to understand potential causes
15,23,24). In this respect, those complications that may be
elated to operator performance, such as vessel dissection,
ere more frequent at night, whereas complications poten-
ially related to lesion characteristics, such as distal embo-
ization, were not. The use of time-consuming devices was
lso less frequent at night than during daytime hours,
espite similar lesion characteristics. It is possible that
iurnal differences in lesion characteristics, such as lower
han TIMI flow grade 3 in the infarct-related artery at the
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Figure 1. Hospital Mortality, MI, and TVR by PCI Start Time Quartile
Cumulative death, myocardial infarction (MI), and target vessel revascular-
ization (TVR) by time of percutaneous coronary intervention (PCI). Overall
Table 3. In-Hospital Outcomes
Events
Event Rate (%)
Off-Hours
(n  228)
Routine Hours
(n  457) OR
Recurrent MI 2.2 1.1 2.04
Death 7.0 4.4 1.65
Death/MI 8.8 4.8 1.90
Death/MI/TVR 16.2 6.8 2.66
CI confidence interval; MImyocardial infarction; OR odds ratio; TVR target vessel revasculand trend: p  0.001.ime of intervention during off-hours, and diurnal differ-
nces in clinical characteristics, such as higher rates of
ardiogenic shock, additionally affected operator perfor-
ance. Lower rates of preprocedural thienopyridine use
uring off-hours also may have contributed to higher
rocedural complications and reduced success.
When procedural success was not achieved, operators
ere more likely to state that the “lesion did not respond
ppropriately” during off-hours. We found no significant
ifferences in characteristics indicative of lesion complexity
ssociated with adverse events after PCI (25,26). However,
ow characteristics before PCI were less favorable in off-
ours patients, and rates of TIMI flow grade 3 were less
ften achieved after off-hours PCI. It is possible that
ircadian variations may be associated with differential
utcomes after primary PCI. Notably, platelet aggregation
s heightened during the morning hours (27,28). A pro-
hrombotic state has been associated with treatment out-
ome after both fibrinolytic therapy and elective PCI, with
esistance to fibrinolytic therapy observed in the early
orning hours (29–31). Thus although it is possible that
ack of procedural success was purely operator- or
rocedure-related, it is likely that in some cases biologic
actors also contributed to the lower success rates of PCI
uring off-hours, as poorer flow was present prior to PCI.
nadjusted Adjusted
95% CI p Value OR 95% CI p Value
.58–7.12 0.26 2.08 0.58–7.49 0.26
.84–3.25 0.15 1.17 0.50–2.71 0.72
.01–3.56 0.04 1.59 0.74–3.42 0.23
.60–4.42 0.001 2.51 1.39–4.56 0.002
n.
Table 4. Adjusted Model for In-Hospital Death, MI, and TVR
Variable OR 95% CI p Value
Cardiogenic shock 8.10 4.16–15.78 0.001
Peripheral vascular disease 4.00 1.50–10.69 0.006
Number of lesions treated 2.55 1.67–3.91 0.001
Off-hours PCI 2.51 1.39–4.56 0.002
Multivessel disease 2.37 1.11–5.06 0.02
Ostial lesion treated 2.32 0.03–0.41 0.001
Totally occluded lesion 2.00 1.04–3.86 0.04
Tortuous lesion 1.86 0.98–3.55 0.06
Age, yrs 1.04 1.01–1.06 0.002
Dyslipidemia 0.50 0.27–0.92 0.03
Diabetes mellitus (insulin requiring) 0.11 0.90–5.97 0.08U
0
0
1
1PCI percutaneous coronary intervention; other abbreviations as in Table 3.
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686Although delays in treatment time have been shown to be
factor in poorer outcomes during off-hours (6–11), in the
resent study, off-hour angioplasty was not associated with
ignificant delay when using symptom onset to PCI time.
urther, we found that the incidence of adverse events was
nly slightly higher on weekends, a time when delays would
e expected to be greater than weekdays, with the majority
f difference consistently occurring between nighttime ver-
us daytime PCI, regardless of weekday or weekend. In
ddition, daytime outcomes were only slightly, and not
tatistically significantly, better during weekdays than week-
nds, suggesting that time delay was only 1 factor for
ubsequent adverse events.
Sicker patients may present during off-hours because of
nability to wait for routine-hours. However, the converse
as been postulated; namely, that waiting for routine-hours
Figure 2. Adverse Hospital Outcomes by Time of PCI and Day of the Week
Table 5. Association Between PCI Time, Angiographic Success, and
In-Hospital Death, MI, and TVR*
Risk Factor Adjusted OR
PCI time/angiographic success
Routine-hours/successful 1.00 reference n/a
Off-hours/successful 2.40 1.24–4.965 0.009
Routine-hours/unsuccessful 5.98 1.75–20.47 0.004
Off-hours/unsuccessful 11.28 3.30–38.55 0.001
*Angiographic success added to prior multivariable analysis model.
Abbreviations as in Tables 3 and 4.Adverse outcomes by time of PCI and day of the week. Abbreviation as in Figure 1.ill increase the risk for those who wait, independent of
heir initial severity. It has also been postulated that off-
ours patients are sicker because MI onset while sleeping
ay lead to longer ischemic times upon arrival. We found
igher rates of cardiogenic shock and higher rates of
ultivessel coronary artery disease in those patients present-
ng during off-hours. In addition, TIMI flow grade 3 was
ess likely upon arrival to the catheterization laboratory,
lthough the infarct-related artery was equally likely to be
ompletely occluded in both groups. However, after ac-
ounting for these factors, off-hours presentation remained
ssociated with poorer outcomes.
Unlike prior analyses, which mostly have been composed
f very large registries, we were able to examine detailed
linical and angiographic features in MI patients (5,6,9,15).
n this regard, although difficult to study all potential
actors, we found few differences in a wide variety of
haracteristics, leaving the possibilities of circadian-related
ifferences and operator performance. As mentioned previ-
usly, a role for circadian biologic differences may be
uggested by less favorable flow upon angiography and after
CI and possibly by higher rates of multivessel coronary
rtery disease and cardiogenic shock. The possibility of
perator fatigue also warrants careful consideration, as this
s a potentially modifiable risk factor, and changes in public
olicy could mitigate its impact. For instance, there has
een a recent strong emphasis on the need for public health
easures aimed at improving quality of care in MI patients.
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687egionalization of MI care has been advocated by some to
llow shorter DTB times and higher volume operators, both
f which have been demonstrated to improve outcome
32,33). In a similar fashion, regional or high volume
enters may be able to provide resources including more
perators or less daytime duties in nighttime operators,
hich could reduce the impact of possible operator fatigue.
f the presently proposed measures are implemented along
ith those that additionally address operator and staff
atigue, they may further enhance the benefits of primary
CI (33).
Finally, our findings suggesting that the potential hazard
f off-hours PCI is not solely related to differences in DTB
ime are supported by a recent analysis of the Get with the
uidelines–Coronary Artery Disease (GWTG–CAD) da-
abase, where over 62,000 patients were examined and
ound to have similar mortality rates, despite longer DTB
imes in the off-hours group (34). Importantly, that analysis
iffered from the present study in that ours is exclusively a
rimary PCI cohort, whereas the GWTG–CAD database
ncluded 12% who received fibrinolysis, 34% who received
o reperfusion therapy, and only 42% who had any revas-
ularization. In addition, only 32% of patients in that study
ad STEMI. Nonetheless, the STEMI cohort in that
nalysis also had no significant difference in mortality by
ime of presentation, but even in this cohort, only 60%
nderwent cardiac catheterization, and only 70% underwent
ny revascularization, whereas in our study, all patients
nderwent primary PCI for STEMI. Finally, our study by
efinition includes centers that have the capacity to provide
rimary PCI, whereas the GWTG–CAD database looks at
any different types of care centers, including some without
rimary PCI capability. The wide variety of care and
everity of illness in the patients examined in that study
ay have contributed to lack of appreciable differences in
verall mortality by time of presentation, even in STEMI
atients. Interestingly, despite these differences, Jneid et
l. (34), similarly conclude that “although. . .campaigns
o reduce time to reperfusion are laudable, improvements
n DTB times should be complemented by multifaceted
pproaches to optimize multiple levels of medical care in
arallel.”
tudy limitations. This analysis uses symptom onset to PCI
ime. The prognostic significance of symptom onset is not
lear, as some prior analyses have suggested a lack of
eliability, and others have found symptom onset to be more
redictive of adverse events than DTB time (35,36). How-
ver, our evaluation of weekend PCI by time allows some
nderstanding of the impact of a “closed” cardiac catheter-
zation laboratory and the effects of its delays in DTB time.
eekend PCI analysis is a means of stratifying outcome,
hough separate multivariable adjustments were not made
or this particular exploratory analysis. The number of
ontrol variables required in multivariate models is high
1iven this event rate, leading to overfitted models. Finally,
n this cohort study, it is possible that differences exist that
re not fully controlled by the statistical methods.
onclusions
he current study observed over 2.7-fold higher risk for
n-hospital mortality, MI, and repeat TVR in patients
reated with primary PCI during off-hours. Off-hours pri-
ary PCI was associated with lower angiographic success
nd higher complication rates and may suggest both bio-
ogic factors including poorer anterograde flow, as well as
ighttime performance issues such as operator fatigue re-
uced use of adjunctive devices and lower preprocedural
hienopyridine use as contributors to poorer outcome. As
uch, factors that extend beyond differences in DTB time
ay contribute to poorer outcomes in patients presenting
ith MI during off hours.
eprint requests and correspondence: Dr. Ruchira Glaser, 252
hapman Road, Newark, Delaware 19702. E-mail: ruglaser@
mail.com.
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